Background Choroidal neovascularization (CNV) is a common cause of visual impairment.
Conclusions Intravitreal anti-VEGF therapy was effective on ICNV, which could improve BCVA and make CNV lesions subsided. High baseline BCVA indicated a better prognosis.
Re-treatment with anti-VEGF could effectively lead to resolution of recurrent ICNV. Disease recurrence had no significant effect on the long-term prognosis and had no correlation with the morphological improvement during treatment, suggesting that long-term followup should be performed in all ICNV patients.
Background
Choroidal neovascularization (CNV) is a proliferative disease and a common cause of visual impairment. Originated from choroidal blood vessels, this disease is usually associated with other fundus pathology (1) . It has been suggested that when abnormal blood vessels originated from the choriocapillaris break through Bruch membrane and grow in the retinal pigment epithelium (RPE), or infiltrates into the subretinal pigment epithelium or subretinal space (2, 3) , can result in CNV. CNV can occur in more than 30 ocular diseases, and it is most commonly associated with age-related macular degeneration (AMD) (4) . CNV developed in younger patients who are less than 50 years old is usually attributed to pathologic myopia, angioid streaks, trauma, cytomycosis, central serous chorioretinopathy (CSC) and other hereditary ocular diseases (5, 6) . However, the cause of CNV still remains unclear in a large number of younger patients. In this subset of disease, no apparent primary ocular or systemic pathology can be detected, and such cases are defined as idiopathic choroidal neovascularization (ICNV) (7, 8) .
Currently, there are several treatment options for ICNV at our fingertips, intravitreal injection of anti-vascular endothelial growth factor (VEGF) drugs such as ranibizumab, aflibercept and off-label use of bevacizumab has previously shown to be effective in the treatment of choroidal neovascularization in age-related macular degeneration or myopic CNV (9) (10) (11) . The anti-VEGF therapies has also been reported to be effective in idiopathic CNV (12) . Since majority of ICNV patients are under the age of 50, it is necessary to study long term efficiency of this treatment. The follow-up period in previous studies had been relatively short, usually within 1 or 2 years. Therefore, the long-term prognosis of this therapy as well as the possibility of disease recurrence have not been fully investigated.
Fundus fluorescein angiography (FFA) has been regarded as the gold standard for CNV diagnosis and monitoring, however, it is invasive and has risks such as nausea or even anaphylactic shock (13) . Optical coherence tomography (OCT), on the other hand, is widely used to evaluate the prognosis and monitor recurrence of the disease because of its minimum side effect. Besides, retinal morphological change from OCT, which represent the retinal fluid, is convenient for clinicians to monitor the progression of disease. However, few studies have taken morphological parameters of OCT into account when evaluating the prognosis of the disease. The aim of our study is to evaluate long-term efficacy for intravitreal anti-VEGF therapy and the incidence of CNV recurrence in ICNV patients with focus on morphological changes in OCT. (14) . The follow-up visits were scheduled every four weeks during this period. Subsequently, when there was no CNV activity, the follow-up interval was extended to a maximum of 12 weeks to evaluated recurrence. When recurrent exudation is detected, additional intravitreal anti-VEGF was provided and the treatment interval was reduced to the prior interval. The total follow-up period ranged from 3 months to 5 years. During the initial follow-up period, the shortest follow-up time was 12 weeks and the longest was 83.9 weeks. Then, eight patients failed to complete the follow-up period. The subsequent follow-up period was at least 2 years and the longest was 5 years.
Methods
All subjects undergone a comprehensive pre-operative examination which included a best- Recurrence criteria included appearance of intraretinal or subretinal fluid or heme on clinical examination and/or on SD-OCT. Recurrent ICNV lesions were retreated again using additional intravitreal anti-VEGF therapy. After receiving the same kind of anti-VEGF therapy as before, the patients were followed up every 4 weeks until there was no signs of CNV activity. Then patients were divided into two groups on the basis of the ICNV recurrence: patients with recurrence and patients without recurrence.
Statistical analysis was performed using SPSS 23.0 (SPSS Inc., USA). Data were expressed as means ± standard deviation. Follow-up and baseline data were compared using the paired t-test. Comparisons of age, gender, type of anti-VEGF therapy, number of injections, ICNV duration, baseline BCVA, baseline CRT and the resolution of BCVA and CRT, BCVA after treatment between the two groups were performed using the Chi-square test for categorical variables and independent sample t-test for continuous variables.
Univariate analysis was performed using a logistic regression model. A P value of <0.05 was considered statistically significant.
Results
Thirty-five eyes (35 patients; 14 males and 21 females) with ICNV were included in this study. Mean age was 35.94±9.471 years old. Duration of the first follow-up period was 24.25±15.97 weeks (ranged:12 to 83.9). The average number of injections was 2.40±0.78 times (ranged:1 to 4). Table 1 shows the changes after anti-VEGF treatment in patients. BCVA improved from 56.20 ± 14.13 to 73.31 ± 12.57 letters (P <0.001) one month after the last injection of the first follow-up period. CRT of patients decreased from 353.6 ± 98.70μm to 273.1 ± 53.56μm (P <0.001) one month after the last injection of the first follow-up period. Among them, 19 eyes (54.3%) increased 15 letters or more in BCVA after the treatment. 12 eyes (34.3%) increased less than 15 letters in BCVA. And 4 eyes (11.4%) decreased in BCVA. Comparison between subgroups according to the morphological change Patients were classified into two groups on the basis of the morphological improvement according to OCT reports at the last follow-up in the first period: patients with morphological improvement and patients without morphological improvement. In addition, factors which affected the prognosis were analyzed. Among them, eyes with morphological improvement were defined as: compared to the baseline, CNV lesions in the macular region was resolved or only scar remained (Fig. 1 ). The remaining eyes whose intraretinal/subretinal fluid remained or no recovery of foveal contour were defined as the group without morphological improvement (Fig. 2 ). As shown in Comparison between subgroups according to the baseline BCVA Patients were divided into 2 groups on the basis of the baseline BCVA: less than 60 letters (21 eyes) and better than 60 letters (14 eyes). CRT of the patients whose baseline BCVA were less than 60 letters reduced by 66.71μm at the end of the first follow-up period. CRT of the patients whose baseline BCVA were better than 60 letters reduced by 101.3μm at the end of the first follow-up period. There was no significant difference between the two groups (P=0.240). And there was no significant difference in baseline CRT between the two groups (P=0.877). Although there were no statistical different in CRT reduction between the two groups, CRT was lower in the group with better baseline BCVA than in the group with poor baseline BCVA (P=0.028) after intravitreal anti-VEGF therapy (Table 4 ). 
Visual outcomes and changes in OCT

Recurrence
After the end of the first follow-up period, there was no evidence of CNV activity. We Fig. 3, Fig. 4 ). In this study, CNV recurred in 6 cases, with a recurrence rate of 22.22%.
Recurrence was observed at a mean of 90.83 ± 49.20 weeks (ranged from 33 weeks to 10 subsided. Interval to the next follow-up shortened to 4 weeks after the injection until there was no evidence of CNV activity. BCVA of the last follow-up was recorded. Patients with recurrence had received an average of 3.67±0.816 injections, which was significantly higher than that of patients without recurrence. There was no significant difference in age, type of the anti-VEGF drugs, baseline BCVA, baseline CRT and final BCVA between the two groups ( Table 5 , Table 6 ). Patients were divided into groups according to the morphological improvement after the last intravitreal treatments and recurrence of ICNV during follow-up period. Among patients with recurrence, there were 1 case (16.7%) which showed morphological improvement and 5 cases (83.3%) who didn't show morphological improvement. Among patients without recurrence, there were 7 cases (33.3%) with morphological improvement and 14 cases (66.6%) without morphological improvement.
There was no significant difference between the two groups (χ 2 =0.622,P 0.05; Table 6 ). 
Discussion
Comparative studies have shown promising outcomes of anti-VEGF therapy for ICNV, but few have demonstrated the long-term efficacy. The aim of the present study was to investigate the prognostic factors and long-term outcomes related to retinal morphological changes of ICNV and the timing and incidence of CNV recurrence.
There are numerous treatment options for ICNV including laser photocoagulation, radiation therapy, verteporfin photodynamic therapy (vPDT), and transpupillary thermotherapy (TTT), etc., but most of them have poor long-term prognosis and many complications (16) .
At present, PDT and intravitreal anti-VEGF therapy are widely used for ICNV treatment.
Because of the high cost of PDT therapy, possible repeated treatment requirements, and potential retinopathy secondary to pigment epithelial dysfunction (17) , this treatment option limited its clinical application. Vascular endothelial growth factor (VEGF) plays an important role in the pathogenesis of CNV (18) . VEGF is a neovascular stimulating factor that specifically binds to vascular endothelium to stimulate angiogenesis (19) . Anti-VEGF agents can specifically bind to VEGF, regulate neovascularization, reduce permeability, and protect the internal retina (20, 21) . In this study, a "treat and extend" intravitreal anti-VEGF therapy was used to treat ICNV. Patients were treated with ranibizumab or bevacizumab. A number of studies have found that, ranibizumab and bevacizumab seem equally effective in treating ICNV, recovery of visual acuity and CRT reduction (22) (23) (24) . In observed. Our study also showed similar results to these studies. By comparison, our study had demonstrated that both bevacizumab and ranibizumab were efficient in curing ICNV. And we decided to follow up the patients for a longer period.
Since the introduction of SD-OCT, it has become a major element in both initial diagnosis and management of patients with fundus disease, especially exudative AMD (13) . Because OCT scan is safe, quick and non-invasive, it is regarded as a routine follow-up examination and retreatment indication. Morphological improvement represents recovery of foveal contour and indicates a good prognosis and retinal function (26) , so nowadays, we often diagnose the CNV recurrence and decide whether to continue the anti-VEGF treatment according to the best corrected visual acuity and the morphological changes in OCT scans (27) . In this study, we used morphological changes of OCT as an important parameter. Therefore, in the current study, patients were regrouped to investigate the predictors for outcomes related to the OCT morphological changes at the end of the initial follow-up period. Further analysis indicated that a better baseline BCVA was associated with morphological improvement, however other parameters such as the number of injections, age, duration of disease, and baseline CRT had little correlation with prognosis.
Then the patients were further divided into two groups according to their baseline BCVA to confirm this finding. We found that the better the baseline BCVA (more than 60 letters) was, lower the CRT value was after injections, and more significant the resolution of foveal CNV was. It suggested that a timely treatment for ICNV when BCVA remained good 33.9 months. The recurrence rate was 30.8% and the recurrence of the disease was not related to age, baseline BCVA or CRT. But visual prognosis of patients with recurrence was not significantly different from that without recurrence. In our study, CNV lesions in the 6 patients with recurrence had subsided after additional intravitreal anti-VEGF treatment.
The recurrence rate was 22.22%. Compared with the non-recurrence group, final BCVA of the recurrence group were not statistical different, suggesting that recurrent ICNV could be treated with additional anti-VEGF treatment and recurrence had no significant effect on long-term prognosis of the disease, which was consistent with the results of Kim JH's study (29) . In our study, patients did not change the type of anti-VEGF agent. Compared with the non-recurrence group, type of anti-VEGF agent was not statistical different, suggesting that additional anti-VEGF treatment was effective for ICNV lesions. At present, indicator for diagnosing ICNV recurrence remains unclear. Fluorescein angiography can clearly show leakage of fluorescein which indicates disease occurrence (30) . However, fluorescein angiography is an invasive examination and is not suitable for frequent examination during long-term follow-up (31) . Therefore, OCT scan was scheduled every time when patients came to hospital during the long-term follow-up in the current study.
We analyzed the relationship between ICNV recurrence and the morphological improvement in OCT at the end of the first follow-up period. We found that there was no correlation between the morphological changes of OCT and recurrence. In our study, patients with good morphological improvement after treatments also relapsed during longterm follow-up, suggesting that improvement in foveal morphology might not effectively predict the long-term prognosis. This may attribute to the formation of scar and decreased retinal function due to ICNV disease, which can lead to poor visual prognosis (32) . Our study suggests that although patients with morphological improvement and recovery of foveal contour seems to have good prognosis, long-term follow-up should also be performed to avoid ICNV recurrence.
There were limitations to this study. The study was retrospective, the sample size was relatively small, the follow-up time was too long which resulted in loss of some follow-up patients. The results need to be validated by prospective, large sample size long-term follow-up studies.
Conclusion
In conclusion, anti-VEGF therapy was effective on ICNV, which could improve BCVA and showed that the fluid had subsided and scar with recovery of foveal contour. 
